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1 P/63665,GBAA^1SD 
GAS SENSORS 



Tiris invention relate io apparatus for, and mcdiods o:^ sensing gasses. The 
inv^tioa particulady relates to such methods and devices in which optical radiation is 
tranaxnif ted throiig^ a gas md subseqpsentiy detected to provide in&nnaiioii conoemmg 
the gas. 

5 

• In a typical gas monitor, an io&ared source is atranged to emit radiation, which 
pa3se9 through a gas to be monitored. hxBrared radiation is absoibed by the gas and that 
remaining i& aub$eque(itly detected by an infirared detector^ such as a photodiode, 
thermopile or pycoclecCric detector. A comparison is made betwreen the source intensity 
ID and the intensity of radiation detected following passage Uuough the gas to give the 
ponoeateation of a target gas. The concentration is related to the intcsisity by Che 
following equation: 
-eel 

15 

where I is the mteosily of ladiation detected by die detector, lo is the intensity of 
radiaiiDn emitted at Hie source, e is effectivdy a constant which is dependent on the 
pardcolar gas being monxtozcd, c is the ga& concentration and I is the distance travelled 
by the radiation through the gas. 

The present invention seeks to provide a gas monitor having improved 
characteristics over those previously known. 
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' The invention ptoyidcs a gas sensor comprising a chamber azrang^ to admit 
gas, an optical source and detector means sensitive to light from tlxe source, Ihe detector 
roe«ns incdpcUng a filter^ whcrdn flie d^ector means is arranged to detect lisjbt £nam a 
predetermined directional range. 

5 

Thb provision Of a directional detector improves performance of the sensor, 
becaiisc the performance of the filter is much improved vi^hen leceivine radiation fix>m a 
pted^nnined directional raQge» for example a narrow solid angle centred at noimal 
incidence. Furth^more. the sensor can be configured so that &e detector cQllects 
10 radiation that has bravelled prcdeleanined optica] paths. Hius, Utde of the radiation 
reaches the detecinr hy means of nndesired optical padis. diereby improving the signal- 
io-noise ratio of die sensor and leading to a mora accurate deteimhiadon of gas 
concentration^ particulaily at low levels. 

15 Preferably^ the source is configured to emit optical radiation in a predetermined 

directional ranges such as anaixow solid angle at near normal incidence. 

The provision of a directional sonrce enable the sensor to be configured so that 
a laisc proportion of radiation js* directed towards the detector along predetermined 
20 optical paths* Thiiis^ even less of the radiation is scattered or reaches the detector by 
other optical pathSj fbrther improving the signal-to noise ratio of the sensor. 



Advantageousily, die directional ranges, snch as the solid an^es, arc conaxial 
with the axis of the sonrce and detector respectively, 



Ax^ f&A. vx£*kO 4&^41Q BARCONI AFPLIED IBCH 



@ 030/040 



3 



P/63665.GBAA'ISD 



The mvention is particularly usefiil whein raaployed in a gas sensor desoiibcd by 
oar British patent No. 2316172. This patent describes a sensor comprising a 
hou5{in|r contedmng m infrared soxiFoe md a detector, which are placed at the foci of 
respective eflipsoidal surfaces. Truncated elHpsofds prcxvide a folded optical path for 
radiation from the source. Employing flxe present invention in such a gas sensor ranees 
the amount of light travelling other than by a desu^ folded optical path. 

The chamber muy further Include gas adnsittance means. The detector and 
source may be located in a cylindrical hoivdng having end walls. Regions of an end 
wall of the housing and possibly adjacent regions of the cylinder may provide 
admittance means. 

The end wall may include a reflector for the chamber, occup3dng a central r^on 
of the end wall^ with the ga« admittance mesins occupying flie periphery of the wall. 

The optical source is preferably an infrared source but sources and detectors 
operatins in other parts of the optical spectrum maybe used in other anbodlments. 

Hie invention will now be described^ by way of example, with refcareace to the 
accompanying drawings, in which: * 



Figure 1 is . a sectional schwiatic view of a gas sensor constracted according to 
the invention; 




4 P/63665.GBAA'JSD 
Figures la and lb ilJwitratc alternative embodiments of the gas admittance 
regions of die sensor of Figure 1 ; and 

Figure 2 is a plan view lim>ugh U-n of Figore 1. 

With referojce to Figores 1 and 2. a gas sensor is shown and indicated senexally 
by the reference nnmetal 1. lbs detector comprises a hoosinB 2, which is preferably 
flami^jrooE The housing 2 comprises a generally cylindrioal wall 3 with end walls 4 
and 5. The housing 2 contains a source 6 of inftaied radiation, mounted in one of the 
end walls 4. The housing also contains an inftanxl detector 7, which includes a 
bandpass filter 8, also mounted in the end WflB 4. Portions 9 to 12 inclusive of ihe 
interior surfaces of the housing 2 are reflectors of infiared radialjoa The filter 8 is 
arranged to be transparent f» the strong fundamental absorption band of the gas being 
detected. 

accordance with « first aspect of the invention, &e detector 7 is directional, 
Ic. it is airanged to detect radiation incoming from a prcdctcimincd directional range. 
Pref&fably, the dureotianal range comprises a ptedeteraiined solid angles wfaioh may be 
centred on the axis J 3 of the detector, This ammgcmcnt ensures tliat the detector 
collects radiation from a narrow cone of li^ fbo solid angle being typically 10-12°. It 
has bcco found that the bandpass diaracterisiio of the filter 8 assootated with flie 
detector is better defined when radiatioa impinges on it fiom predetermined directions, 
and jMTt^erably at near-normal incidence. 



1 
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The sotsrce 6 is also direcdonal Le. is arranged to emit radiation in a 
predetennined direclioz^ raage« Vre/Fenbly^ the directional range comprises a solid 
angle, which may be centred oa the axis 14 of the source 6. This arrangemoit of die 
source ^sures that the optical radiation it emits ibllows predetenniiucd optical paths, 
such as those iUttstrated in Figure 1, andis tfacr^orenuxceHIcely tobe directed toxvaxds 
the detector. Thus^ stray light from shorter or longer optical pal3is is reduced, fliereby 
improving the signal-to-noise ratio of the sensor. 

The arrangement of the refleptive surfaces 9 to 12 and the relative positioas of 
components of the sensor form the subject of our patent No. GB2316172. The present 
invention permits an improved versdon of lihat sensor to be made, becanse the light in 
the ubwiber follows better-defined optical paths. A benefit of the present invention is 
that the reflective surfaces need only be localised for those optical patlis. 

Hie reflective wall 9 in the region of the source 6 is cinved in three dimec^iona 
to define a part ellipsoid^ with the source 6 being placed at one of its fi>ci. The detector 
7 is located at a focus d^uied by the adjacent curved aur&ce 10 which is also defines a 
part ellipsoid. The reflective surfaces 9 and 10 need not be continuous. The end wall 5 
opposite fiiat on which tiie source 6 and detector 7 are mounted includes a reflective 
inner surface 1 1, which is planar. The wall 4 between flie source 6 and detector 7 has a 
reflective region 12, which is also planar and parallel to lihe ^d wall 5. 

llie configuradon of the reflective sor&ces 9 to 12 and locaticms of ihe source 6 
and detector 7 are such tliat infiaxed radiation directionally emitted £com the source is 
directed onto the ellipsoidal surface 9. Radiation reflected frnrn the sor&ce 9 is ihen 
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incident on the planar surfiice 1 1 ftona which it is reflected and focussed on the region 
12 between the source 6 and detector 7. The radiadon is then directed onto the 
ellipsoidal sur&ce 10 via the surface 1 1 to the detector 7, where it is fbcussed. Thus, 
the i^di^ozL under^es five reflections before being rec^ved at the detector 7. 

The provision of localised reHectora 9 to 12 frees vp other portions at flie 
dtambor for other wes. For emnple, at least some of these portions may be airanged to 
admit fhc gas to be sensed. In fte embodiment of Figure 1, only the central region 15 of 
the wall 5 need provide the planar reflector 1 1. ThuSy peripheral regioris 16 of the wall 
5 may include gas diHusion xenons, sudi as particulate filters or sintered mat^al, 

IL is preferable to be able to allow as much gas as possible to difTuse into the 
housing 2, to icvcrease the likelihood of a positive and rapid identification of the target 
gas, and a measure of its concentration. Therefore, other regions of the housing 2 may 
be arranged to admit gas. For example, regions 17 of the cylindrical wall 3 not 
providing reflective surfkces for the li^t may include pardouiate fliters* mesh or 
sintered materiaU The regions 16 in the top wall 5 and fhc regions 17 in the cylindrical 
wan 3 may be joined together to form shoulders of diflbsion mat^ial, which may 
extend around the drcum&rmce of the detector 1. 

Figures la and lb illustrate alterna;tive gas admittance means. In this 
embodiment^ an inlet port 18 and an outlet port 1 9 are provided, through whidh gas may 
be directed to pass into the housing 2. Hic ports 18, 19 are embedded in diametrically 
opposite sides of the cylindrical wall 3. 
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The liousing 2 also includes a rsl^rence detector 20 (sliowji in Figure 2), which 
is located adjacent to the d^ector 7 and used to compensate for changes in operating 
caadidoiis and widi ttma The reference detector 20 includes a Ai&crmt filter to that 

5 fitted in the active detector 7 and docs not respond to the target gas. By comparing the 
signals from die active detector 7 and the reference detector 20, tlie iiser can 
disqriniinate the signal reduction due to flie tai:eet gas» from that due to ainfaient and 
physical variations. The reference detector 20 is preftsrably lodtted unmediatdy 
adjacent the active detector 7 so that the detector and reference collect radiation thai has 

10 travelled similar optical paths. To aid this* Ihe re&rence 20 and detector 7 may be 
contained in a sm^e d^ectoriNackage. 

A suitable infrared source as a tungsten lamp vdth a direcdonal tcfLcctOfr, which 
provide a directional broadband infrared thennal source. Other sources tachide LBDs 
15 or (asm employed in conjunction with directional reflectors. AhematLvely, diodes with 
immorsioh lenses may be employed. 

The reflective suriaces may comprise layers of plated gold to provide good 
reflectance. 



20 



The length of ^ optical path through the chamber may be altered by adjusting 
the angle of tilt of the detector and soixrea Further altmtions in optical path length 
may be achievable by adjxisting ihe s^araHon between the planar r^eciivc surfaces 1 1 , 
12. Alternatively, or additioiialiy, the dimenaicns of the iimer surfeces of the chamber 
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may be changed so that the ellipsoids they leprescait aie of dijetereiit sizes or have a 
different angular separation. 

The chamber be a single oonq)onent or may comprise a plwaUty of pieces. 
5 A suitable manuftctiiring procass for the contoors of die chamber is that of machine 
tHining. Alternatively, mouldiAg in plastics or metal injection may be utilised. These 
processes are wll known industrial techmqnes and may be laadily employed by the 
skilled person. 



as 



10 The invention may be used in oonpunction with more than one detector, 

described in our co-pending patent applicaHon, given the reference P/fi3675AaSD in the 
records of our Patent Department. 
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CLAIMS 

1 . A ga^ sc^or comprisiiig a chamber arranged to admit gas. an optical source and 
detector means sensitive to lig^t fix>m fiie sourcet, the detector means including a filter, 
wher^n Che detector means is airanged to detect light from a predetomined directicmal 
range. 

2. A sensor as claiitied in claim 1, whexein the predetermined directional range 
comprises a prcdetctminied solid angle. 

3. A sensor as claimed in claim 2, wherdn the detector means has an axis and the 
solid angle is substandally centred on tiic axis. 

4* A sensor a$ clamed in elaim 1,2 or 3, wherein the optical source is arranged to 
emit light in a predetdmined directicgaal range. 

5. A sensor as dlamied in ckhn 4^ wherem the predetermined directional range 
compriBess a prediBtemiined solid ang^e. 

6. A sensor as claimed in claim 5, wherdn the optical sotirce has an axis and the 
solid angle is substantially centred on thai axis. 

7. A sensoor as claimed in any pretvions claim, flirther comprising reflector means 
having reflective surfaces in portions of the chamber. 
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8« A sensor as claimed in claim 7^ wherein at least one other portion of dio diamber 
comxTiises means £>r admitting ^ts into the chamber. 

9. A sensor as claimed in claim S, wherein the gas admiltanc^ means includes 
sintered material. 

10. A sensor as claimed in claim 8, wherein the gas admittance means include a 
patticalatcfiltxa:. 

11. A sensor as claimed in any one of claims 7 to 10, wherein the reflector means 
comixrtsea curved surfaces defining the fbci at wUck die source and detector are located 
and a planar reflective surface definliis paii of an optical path between dicm. 

12^ A sensor as claimed in any preceding claim» wherein the source is at a &cus of a 
first part ellipsoidal surface and the detector is at a fooiis of a second port ellipsoidal 
SQt&cc and the first and second ellipsoids £ihare a common virtual Ibcus. 



13 . A sensor as claimed in any preceding claim wherein (he somce and detector are 
contained within a flanlepcoof housing, 

14. A sensor as claimed in claim 13, wherein the housing comfinscs a cylinder 
h&ving end walls. 
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15. A sensor as claimed la claim 14, ^wfacrcia £hc source and detector are mounted on 
a common first end willl of fiie housing. 

16. A $enfior a.^ claimed in clpim 15, wherdn the second end wall includes a planar 
reflector and gas admittance means. 

17. A sensor as claimed in claim 16, wherein the planar reflector comprises a central 
region of tihc second end wall and the gas admittance means comprises a peripheral 
region of the second end wall. 

18. A sensor as claimed in claim 17, wherein the gas admittance means farther 
includes a region of the cylinder adjacent the second end wall« 

19* A sensor as clahued in any preceding claim' wherein Ihe optical source an 
infrared source. 

20. A sensor as claimed in any preceding claim wherein the source is arranged to 
heat substantially all the sur&ces from which light is reflected to a temperature ahove 
ambient temperature. 

21 . ' A gas £;en$ori substantially as hereinbefaze described^ with ref^xaioe to, or as 
illustrated ixu the accompax^^ing drawings. 
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